Graphical Abstract
The aminocyclopropyl unit is present in a wide range of biologically active natural products and pharmaceuticals. 1 Traditional approaches to the synthesis of aminocyclopropanes include the Curtius rearrangement of cyclopropylcarboxylic acids, 2 the reduction of nitrocyclopropanes, 3 the reductive amination of cyclopropanone acetals 4 and the cyclopropanation of enamines. 5 More recently, de Meijere has demonstrated a new titanium mediated cyclopropanation of amides or nitriles using 1,2-dimetallic derivatives of monosubstituted alkenes. 6 By way of contrast however, the search for simple and experimentally convenient methods for the direct addition of heteroatom substituted carbenoids to unactivated alkenes has proven to be more elusive, with direct alkoxycyclopropanation and aminocyclopropanation requiring the use of such reagents as stoichiometric Fischer carbene complexes. 7 As an extension of our earlier studies on the cyclopropanation of alkenes using organozinc carbenoids prepared from simple carbonyl compounds 8 or their derived acetals, 9 we have previously demonstrated that orthoformates are useful precursors for direct alkoxycyclopropanation. 10 More recently, we have also shown that diethoxymethylpyrrolidinone can be used for generation of an amido substituted organozinc carbenoid, 11 and that selection of a chiral oxazolidinone congener leads to an asymmetric version of this amidocyclopropanation reaction. 12 In the present paper, we wish to report, in full, our detailed observations on the scope and limitations of simple achiral diethoxymethylamide carbenoid precursors for the construction of densely functionalised amidocyclopropanes.
From a mechanistic standpoint, we envisaged that the evolution of a suitably functionalised amidoorganozinc carbenoid from a diethoxymethylamide 1 could proceed as shown in Scheme 1. Thus, coordination of a Lewis acid (either ZnCl 2 or Me 3 SiCl) to one of the ethoxy groups of the amide 1 leads to the formation of cation 2 which can be reduced by two electron delivery from metallic zinc to give the organozinc derivative 3. Lewis acid mediated S N 1 displacement of the remaining ethoxy group by chloride then formally leads to the organozinc carbenoid which could exist as either the tetrahedral form 4 or the planar iminium form 5.
Scheme 1
The diethoxymethylamide carbenoid precursors 12-17 were initially prepared by heating the corresponding amides 6-11 in a large excess of triethyl orthoformate in the presence of a catalytic amount of aluminium chloride according to a literature procedure (Scheme 2 and Table 1) . 13 However, this method is inconvenient, particularly on larger scales, due to the difficulty in removing the large excess of orthoformate, and hence alternative methods were investigated. We found that the diethoxymethyl derivative of pyrrolidinone 6 (Entry 1) could be conveniently prepared on a 10 g scale using only 2.6 equivalents of triethyl orthoformate in the presence of chlorotrimethylsilane and a catalytic amount of triphenylphosphine at room temperature. After purification by distillation, the dialkoxymethyllactam 12 was obtained in 61% yield. In a similar fashion, diethoxymethyloxazolidinone 13 (Entry 2) was obtained in 60% yield (10 g scale) using 2.6 equivalents of orthoester and a catalytic quantity of acetyl chloride. This latter procedure is the most convenient but was not generally applicable to the preparation of the other diethoxymethyl derivatives. It is notable that in this case the starting oxazolidinone is insoluble in the reaction mixture and gradually dissolves as the reaction progresses, and this gradual dissolution may well be important for the success of the reaction. The yields are essentially comparable to the AlCl 3 catalysed reactions and these methods avoid the requirement for a large excess of triethyl orthoformate and the associated purification problems which then arise. With the required diethoxymethylamides in hand, the amidocyclopropanation of a wide range of alkenes was investigated using zinc, chlorotrimethylsilane and zinc chloride (Scheme 3 and Table 2 ). In the initial reactions, zinc amalgam was employed as the metal source. Although easily handled, the amalgam is undesirable due to the toxicity and environmental issues associated with the use of mercury and its salts. Moreover, we have also observed that the zinc amalgam has a tendency to form hard spheres during the course of the cyclopropanation reactions which can lead to variable yields, presumably due to the large decrease in the available surface area of the metal. To this end, we were keen to investigate alternative metal sources, and the use of zinc dust, together with a catalytic quantity of copper (I) chloride, was found to be a perfectly acceptable substitute, giving the amidocyclopropanes in comparable yields (Entry 1). The formation of hard metal spheres during the course of the reactions is also no longer observed. The cyclopropane products 39-65 were obtained in moderate to good yields with a wide variety of alkenes. All of the carbenoid precursors could be employed in the amidocyclopropanation reaction with the exception of diethoxymethylphthalimide 14. Since the phthalimide functional group is known to be reduced under dissolving metal conditions, 14 this observation is perhaps unsurprising. As anticipated, the amidocyclopropanation of electron-rich alkenes (Entries 8 and 10) proceeded in higher yield than the amidocyclopropanation of electron deficient alkenes (Entry 9) and in the cyclopropanation of diene 38 (Entry 23), chemoselective cyclopropanation of the more electron-rich alkene was observed. In terms of the steric environment, mono (Entries 1-3, 8, 10-13, 16, 18, 19, and 24-26), di (Entries 4-6, 9, 14, 15, 20, 21, and 27), tri (Entries 7, 22, and 23) and tetrasubstituted (Entry 17) alkenes were all readily cyclpropanated under the reaction conditions and a variety of functional groups including esters, ethers, halides and silyl groups were tolerated. In the case of highly volatile alkenes (Entry 17), it was more effective to carry out the cyclopropanation reaction at room temperature. The stereochemistry of the major products was assigned on the basis of 1 H NMR coupling constants and simple proton decoupling experiments where required. In most cases, a preference for the formation of the less-hindered trans-amidocyclopropane was observed. However, the overall trends in selectivity from substrate to substrate are difficult to rationalise. In general, mono-substituted alkenes tend to favour the formation of the trans isomer with varying degrees of selectivity with larger substituents leading to a higher preference for trans-cyclopropanation. Interestingly, the presence of an allylic ether group reversed this selectivity (Entry 16), but an allylic or vinylic ester did not (Entries 8, 10 and 13). This may indicate that coordination of the ether oxygen to the zinc carbenoid during cyclopropanation can influence the stereochemical outcome and we might expect this to be more favourable for an ether than an ester. The trends for more substituted alkenes are much more difficult to rationalise. Cyclohexene 23 showed a strong preference for the formation of the exo-cyclopropane (Entry 6), whereas for indene 31 the reverse was true (Entries 14 and 27). Apparently similar systems such as methylcyclohexene 24 and carene 37 showed contrasting selectivities in the cyclopropanation reaction (Entries 7 and 22). A speculative explanation using a quadrant model (Figure 1 ) in which one quadrant (A) is largely unhindered, but the adjacent quadrant (B) is sterically congested might help to explain these results. Thus a monosubstituted alkene (R 2 =H) fits into the 'pocket' with the R 1 substituent occupying the unhindered quadrant A in transition state (i). When a second substituent is present on the alkene (R 2 ≠H), the larger steric hindrance in quadrant B can lead to the cis transition state (ii) becoming the favoured pathway, in which the two alkyl groups occupy quadrants C and D where there is only moderate steric hindrance. A possible transition state in line with such a model is shown in Figure 2 , in which the zinc atom is located in quadrant D, and the orientation of the pyrrolidine ring is controlled by coordination of the lactam oxygen to the metal centre. This places the lactam carbonyl in quadrant C and the methylene adjacent to the nitrogen in quadrant B, leaving quadrant A largely empty. Thus, a monosubstituted alkene (R 2 =H) can approach the carbenoid relatively easily with the R 1 group located in quadrant A, leading to a preference for trans-cyclopropane formation (i). With more substituted alkenes (R 2 ≠H), the unfavourable interaction between the lactam hydrogen atoms and R 2 in the exo transition state (i) leads to a preference for the endo transition state (ii) in which R 1 is close to the zinc atom and R 2 is close to the lactam carbonyl group.
Figure 2
The use of a large excess of chlorotrimethylsilane in the reaction precluded direct amidocyclopropanation of allylic alcohols, but a preliminary experiment (Scheme 4) with allyl benzene 18 demonstrated that the cyclopropane 39 could be produced in the absence of the silicon electrophile by employing a larger excess of zinc chloride (30% conversion). When these alternative conditions were applied to the cyclopropanation of allyl alcohol, the amidocyclopropyl alcohol 67 was obtained in low yield (8%, diastereomeric ratio trans:cis 2:1). However, when 2-cyclohexen-1-ol 68 was cyclopropanated under the same conditions, the only isolated product was the ethyl ether 69, again in 8% yield. Cyclopropane ether 69 is probably formed by initial displacement of the hydroxy group with ethanol under the Lewis acidic conditions and then subsequent cyclopropanation of the allylic ether 70. Alkene 70 was synthesised by alkylation of the alcohol 68, and cyclopropanated under the same conditions to give the same cyclopropane 69 in 20% yield (diastereomeric ratio >8:1). Interestingly, the ethyl ether appears to direct the approach of the organozinc carbenoid to the same face of the ring. 15 The exo-cyclopropane is also formed selectively in a similar fashion to the cyclopropanation of cyclohexene above (Table 2, Entry 6). The cyclopropanes formed in these reactions are suitable for further elaboration into derivatives of potential utility for incorporation as rigid conformational locks in a wide variety of systems, such as chiral ligands or drug molecules (Scheme 5). The oxazolidinone ring in cyclopropane 57 was opened under basic conditions to yield the aminoalcohol 71, which was BOC protected and oxidised to the corresponding N-cyclopropylglycine derivative 73. Similarly, the benzoxazolidine ring in 65 can be opened using Super Hydride 16 to give the indenocyclopropylcatecholamine 74 in moderate yield. The cyclopropyl silane 50 was oxidised under Tamao-Fleming conditions to give the corresponding amidocyclopropanol 75 in 35% yield. These examples provide a brief illustration of the interesting cyclopropylamino acid and aminoalcohol units that can readily be prepared using amidoorganozinc carbenoids. Densely functionalised cyclopropylamino acid 73 was obtained in only four steps from the cheap commercially available alkene 20. Finally, from a practical viewpoint, it would be much more convenient to avoid the need for preparation of the orthoester derived carbenoid precursors. As both the introduction of the diethoxymethyl group itself and the cyclopropanation reaction are carried out in the presence of Lewis acids, we decided to investigate whether the two processes could be combined into a one-pot reaction (Scheme 6). Thus, triethyl orthoformate was added dropwise to a mixture of alkene 18, oxazolidinone 7, zinc, copper chloride, chlorotrimethylsilane and zinc chloride and to our delight, the amidocyclopropane was obtained directly in 33% yield, comparable to the 38% overall yield obtained in the separate steps described above. Although, the alkoxycyclopropanation of alkenes with orthoformates proceeds under similar conditions, 10 no alkoxycyclopropane was observed, implying that the reaction between the amide and orthoester is overwhelmingly favoured. We are currently optimising this new approach and investigating its scope for the direct preparation of amidocyclopropanes from a wide range of amide precursors. In summary, the amidocyclopropanation of alkenes using dialkoxymethylamides as zinc carbenoid precursors constitutes an effective method for functionalised cyclopropane preparation, and enables a range of highly functionalised aminocyclopropane derivatives to be accessed, which cannot readily be obtained using existing methods. These amidocyclopropane units can be readily elaborated into cyclopropyl containing aminoalcohol or aminoacid motifs.
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Experimental
All reactions were carried out in oven-dried glassware under a nitrogen atmosphere unless otherwise indicated. Diethyl ether, tetrahydrofuran, toluene and dichloromethane were used following purification from an anhydrous engineering zeolite drying apparatus. Methanol and ethanol were distilled from magnesium turnings and iodine. Anhydrous dimethylformamide was obtained from the Aldrich chemical company. Triethylamine was distilled from potassium hydroxide before use. Chlorotrimethylsilane was distilled from calcium hydride immediately prior to use. Styrene, cyclohexene, indene, 1,2-dihydronaphthalene and 3-carene were distilled before use. All other chemicals were used as supplied unless otherwise indicated. Column chromatography was carried out using BDH (40-60 µm) silica gel and analytical thin layer chromatography was carried out using Merck Keiselgel aluminiumbacked plates coated with silica gel. Components were visualised using combinations of ultraviolet lights, iodine, ceric ammonium molybdate, phosphomolybdic acid and potassium permanganate. Melting points were determined using a Reichert hot-stage apparatus and are uncorrected. Optical rotations were measured using a Perkin-Elmer 241 (sodium D-line, 529 nm) polarimeter and [] D values are given in 10 -1 deg cm 2 g -1 , concentration (c) in g per 100 mL. Infrared (IR) spectra were recorded on a Perkin-Elmer 1605 Fourier transform spectrometer, and were recorded as thin films (NaCl plate). 1 H NMR spectra were recorded at 300 MHz on a Bruker AMX300 spectrometer, at 400 MHz on a Bruker AMX400 spectrometer or at 500 MHz on a Bruker Avance 500 spectrometer in the stated solvent using residual protic solvent CHCl 3 ( = 7.26 ppm, s), DMSO ( = 2.56 ppm, qn) or D 2 O (4.79, s) as the internal standard. Chemical shifts are quoted in ppm using the following abbreviations: s, singlet; d, doublet; t, triplet; q, quartet; qn, quintet; m, multiplet; br, broad or a combination of these. The coupling constants (J) are measured in Hertz. 13 C NMR spectra were recorded at 75 MHz on a Bruker AMX300 spectrometer, at 100 MHz on a Bruker AMX400 spectrometer or at 125 MHz on a Bruker Avance 500 spectrometer in the stated solvent using the central reference of CHCl 3 ( = 77.0 ppm, t), DMSO ( = 39.52 ppm, septet) as the internal standard. Chemical shifts are reported to the nearest 0.1 ppm. Mass spectra and elemental analysis were performed at the Department of Chemistry, University College London.
2,3-Dihydro-1-isoindolinone 9 14 Tin powder (41.7 g, 0.35 mol, 2.6 eq) was added to a vigorously stirred suspension of phthalimide (20 g, 0.14 mol, 1 eq) in a mixture of glacial acetic acid (100 mL) and concentrated hydrochloric acid (50 mL). The reaction mixture was heated at reflux for 2 h and then filtered hot. The filtrate was concentrated and the residue partitioned between dichloromethane (300 mL) and water (150 mL). The organic layer was separated and the aqueous layer extracted with dichloromethane (2 x 50 mL). The combined organic extracts were dried (MgSO 4 ), filtered and concentrated. The crude product was purified twice by flash column chromatography (EtOAc) and then triturated in toluene to give the lactam 9 (4.2 g, 
General procedure for synthesis of diethoxymethylamides 12-17
A mixture of amide (6.7 mmol), aluminium chloride (1.0 mmol, 0.15 eq) and triethyl orthoformate (22 mL, 0.13 mol, 20 eq) was heated at 155°C for 24-72 h. The reaction mixture was allowed to cool to room temperature and then quenched with saturated aqueous sodium bicarbonate (25 mL). The aqueous phase was extracted with diethyl ether (50 mL then 2 x 25 mL) and the combined organic extracts were washed with brine (25 mL), dried (Na 2 SO 4 ), filtered and concentrated. The crude product was purified by flash column chromatography.
N-Diethoxymethylpyrrolidin-2-one 12 (alternative procedure)
Chlorotrimethylsilane (1.5 mL, 11.7 mmol) was added dropwise to a stirred solution of pyrrolidinone (10g, 117.6 mmol), triethyl orthoformate (50 mL, 300.6 mmol) and triphenylphosphine (50 mg, 0.2 mmol) in dichloromethane (200 mL) under nitrogen. The resulting solution was stirred overnight at room temperature then poured into water (70 mL) and saturated sodium bicarbonate (50 mL). The layers were separated and the organic layer washed with brine (50 mL), dried (Na 2 SO 4 ) and concentrated. The residue was distilled under reduced pressure to give 12 as a colourless liquid (bp 101-103°C at 3 mbar [lit. 84-86°C at 1 mmHg 17 ], 13.42 g, 61%).
N-Diethoxymethyl-2-oxazolidinone 13 (alternative procedure)
Acetyl chloride (1 mL, 14 mmol) was added to a stirred suspension of oxazolidin-2-one (10 g, 113.8 mmol) in triethyl orthoformate (50 mL, 300.6 mmol). The suspension was stirred overnight at room temperature and then the reaction mixture was distilled under reduced pressure to give diethoxymethyloxazoldinone as a colourless liquid (120-122°C at 0.9 mmHg, 12.9 g, 60%).
N-Diethoxymethylpyrrolidin-2-one 12
Pale 
Benzyldimethyl(vinyl)silane 29
A solution of benzyl chloride (1.15 mL, 10 mmol) in dry diethyl ether (10 mL) was added dropwise to a mixture of magnesium turnings (0.24 g, 10 mmol) and iodine (2 crystals) in dry diethyl ether (10 mL) under nitrogen. The reaction mixture was stirred for 1 h and dimethylvinylchlorosilane (1.64 mL, 12 mmol) was added dropwise. The reaction mixture was heated at reflux for 16 h and then quenched carefully with saturated aqueous ammonium chloride (20 mL). The organic layer was separated and the aqueous layer was extracted with diethyl ether (2 x 20 mL). The combined organic extracts were dried (MgSO 4 ), filtered and concentrated in vacuo. The crude product was purified by flash column chromatography (Petrol) to give 29 as a colourless oil ( 19 Sodium hydride (60% dispersion in mineral oil, 1.76 g, 44 mmol) was added portionwise to a solution of ethyl glycolate (4.16 g, 40 mmol) in anhydrous DMF (20 mL) under nitrogen at 0°C
. After stirring for 30 minutes, allyl bromide (3.8 mL, 44 mmol) was added dropwise and the reaction mixture was allowed to warm to room temperature. After stirring for 90 min at room temperature, water (20 mL) was added and the reaction mixture extracted with ether (3 × 30 mL). The combined organic layers were washed with brine, dried (MgSO 4 ) and concentrated and the residue was distilled to afford two fractions: Fraction 1 (bp 52-54°C, 14 mbar) contained a mixture of the alkene 33 and DMF (2:1 ratio), Fraction 2 (bp 64-65°C, 10 mbar, lit. 70-74°C at 20 mmHg 19 ) contained the alkene 33. The two fractions were combined and dissolved in ether (30 mL) and washed with saturated lithium chloride (2 × 20 mL), dried (MgSO 4 ), and concentrated to give the alkene as a colourless liquid (1.37 g, 9.5 mmol, 24%); IR (film) 20 Acetyl chloride (3 mL, 42.4 mmol ) was added dropwise to a solution of ethanol (30 mL) at 0°C
Ethyl 2-(cyclopent-2-enyl)acetate 35
. 2-(Cyclopent-2-enyl)acetic acid (2 g, 15.9 mmol) was added dropwise to the solution at 0°C . The resulting mixture was allowed to warm to room temperature and was then heated to reflux for 4 hours. After concentration under reduced pressure the residue was dissolved in chloroform and concentrated under reduced pressure again to give a biphasic mixture. The mixture was extracted with dichloromethane (10 mL) and the combined organic layers were dried over MgSO 4 (E)-Ethyl 3,7-dimethylocta-2,6-dienoate 38 21 Sodium hydride (60 % mineral oil dispersion, 0.312 g, 7.80 mmol) was washed three times with hexane under nitrogen. The resulting solid was suspended in dry THF (10 mL) cooled to 0°C. A solution of triethyl phosphonoacetate (1.75 g, 7.8 mmol) in tetrahydrofuran (6 mL) was added with stirring at 0°C, and the mixture was stirred at this temperature for a further 30 min. A solution of 6-methyl-5-hepten-2-one (0.74 g, 5.9 mmol) in tetrahydrofuran (5 mL) was added and the resulting mixture was stirred at 0°C for 1 hour and then allowed to warm to room temperature and stirred for 16 hours. The residue was then poured into a mixture of ether (50 mL) and a saturated aqueous ammonium chloride (20 mL). The ether layer was separated and the aqueous layer extracted with ether (2 × 20 mL). The combined organic layers were dried over MgSO 4 and concentrated under reduced pressure. The crude product (approximately 75:25 E:Z) was purified by column chromatography (3 % t BuOMe in hexane) to give 1.03 g of a mixture of (E) and (Z) isomers as a colourless oil and 187 mg of the pure E isomer as a colourless oil (89% overall yield). The pure E isomer was used in the cyclopropanation reaction; IR (film):  max 1643 (s), 1385 (w), 1223 (w), 1142 cm 
Preparation of Zinc amalgam
Zinc dust (10.0 g, 153 mmol) was added portionwise to a vigorously stirred solution of mercury (II) chloride (2.0 g, 7.20 mmol) in concentrated hydrochloric acid (2 mL) and water (30 mL). The suspension was stirred for 10 min and then filtered and the zinc amalgam washed with water (3 × 20 mL), acetone (3 × 20 mL), ethanol (3 × 20 mL) and ether (3 × 20 mL) and then dried under vacuum.
Zinc dust for cyclopropanation reactions
A suspension of commerically available zinc dust (5 g, 76.5 mmol) in 2% hydrochloric acid (15 mL) was stirred for 10 min and then filtered and the collected zinc dust washed with water (3 × 20 mL), acetone (3 × 20 mL), ethanol (3 × 20 mL) and ether (3 × 20 mL) and then dried under vacuum.
General procedure for the cyclopropanation of alkenes using Zinc amalgam
A solution of diethoxymethylamide (2.11 mmol) in dry diethyl ether (3 mL) was added via a motorised syringe pump over 4-6 h to a vigorously stirred mixture of zinc amalgam (1.38 g, 21.1 mmol), zinc chloride (1.0 M solution in diethyl ether, 2.11 mL, 2.11 mmol), chlorotrimethylsilane (1.34 mL, 10.56 mmol) and alkene (1.06 mmol) in dry diethyl ether (5.5 mL) under nitrogen at reflux. The mixture was stirred at reflux overnight and then allowed to cool to room temperature. The reaction was quenched with saturated aqueous sodium bicarbonate solution (20 mL) and after stirring for 20 min, the mixture was filtered through celite and the separated zinc washed with diethyl ether (20 mL) and dichloromethane (20 mL). The organic solvents were removed in vacuo and the aqueous layer was extracted with diethyl ether (3 x 20 mL). The combined organic extracts were washed with brine (20 mL), dried (MgSO 4 ), filtered and concentrated in vacuo. The crude product was then purified by flash column chromatography to give the amidocyclopropane(s).
General procedure for cyclopropanation of alkenes using Zn/CuCl
A solution of diethoxymethylamide (2.12 mmol) in diethyl ether (3 mL) was added dropwise via syringe pump (0.6 mLh -1 ) to a vigorously stirred refluxing mixture of zinc dust (1.4 g, 21.5 mmol), copper (I) chloride (140 mg, 1.4 mmol), zinc chloride (1.0 M solution in Et 2 O, 1 mL, 1 mmol), alkene (1.06 mmol) and chlorotrimethlysilane (1.4 mL, 11 mmol) in diethyl ether (5 mL). The reaction mixture was refluxed overnight, then quenched by addition of saturated sodium bicarbonate solution (4 mL), and filtered, washing the resulting solids with ether (10 mL). The biphasic mixture was extracted with ether (3 × 20 mL) and the combined organic layers washed with brine (30 mL), dried (MgSO 4 ) and concentrated. The residue was purified by column chromatography to give the amidocyclopropane.
General procedure for cyclopropanation of alkenes without TMSCl.
A solution of diethoxymethylamide (2.12 mmol) in diethyl ether (2 mL) was added dropwise via syringe pump (0.6 mLh -1 ) to a vigorously stirred refluxing mixture of zinc dust (1.4 g, 21.5 mmol), copper (I) chloride (140 mg, 1.4 mmol), zinc chloride (1.0M solution in Et 2 O, 5.4 mL, 5.4 mmol), alkene (1.06 mmol) in diethyl ether (1 mL). The reaction mixture was refluxed overnight, then quenched by addition of saturated sodium bicarbonate solution (4 mL), and filtered, washing the resulting solids with ether (10 mL). The biphasic mixture was extracted with ether (3 × 20 mL) and the combined organic layers washed with brine (30 mL), dried (MgSO 4 ) and concentrated. The residue was purified by column chromatography to give the amidocyclopropane.
Procedure for cyclopropanation of allyl benzene using oxazolidinone 7 and triethylorthoformate
Zinc chloride (1.0 M solution in Et 2 O, 2.7 mL, 2.70 mmol) and chlorotrimethylsilane (2.45 mL, 18.9 mmol) were added to a suspension of oxazolidinone (238 mg, 2.70 mmol) in ether (5 mL) and the solution heated to reflux for 10 min. Zinc dust (1.32 g, 20.3 mmol) and copper (I) chloride (132 mg, 1.32 mmol) were added followed by a solution of allyl benzene (165 mg, 1.39 mmol) in ether (2 mL). The reaction mixture was then heated to reflux and triethyl orthoformate (2.3 mL, 13.5 mmol) was added dropwise via syringe pump (0.25 mLh -1 ). After heating under reflux overnight, saturated sodium bicarbonate solution (4 mL) was added and the resulting suspension was filtered, washing the solids with ether (10 mL). The biphasic mixture was extracted with ether (3 × 20 mL) and the combined organic layers washed with brine (30 mL), dried (MgSO 4 ) and concentrated. The residue was purified by column chromatography to give the amidocyclopropane 56 as a colourless oil (100 mg, 0.46 mmol, 33%). 37 (ddd, J=9.1, 7.8, 6.8, 1H, CHHCHN), 1.45-1.53 (m, 1H,   CHHCH 2 N), 1.56-1.65 (m, 2H, CHHCHNand CHHCH 2 N), 2.10-2.22 (m, 3H, CHCHN 74 (m, 2H, CH 2 CHN), 0.81 (s, 9H, C(CH 3 ) 3 ), 0.86 (ddd, J=9.9,  6.8, 4.1, 1H, CHCHN), 1.84-1.94 (m, 2H, CH 2 CH 2 N), 2.29 (t, J=8.2, 2H, CH 2 CO), 2.47 (dt,  J=7.5, 4.1, 1H, CHN), 3.26 (t, J=7.1, 2H, CH 2 N) ; 13 1-((1R,2R,3S)-2,3-Dibutylcyclopropyl)pyrrolidin-2-one and (±)-1-((1S,2R,3S) 
1-(2-Benzylcyclopropyl)-2-pyrrolidinone (trans and cis) 39

